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IMPACT OF IMT SYSTEMS ON TO INTER-SATELLITE SERVICE
IN 25.25-27.5 GHz

1 Introduction

This document includes the sharing studies when IMT systems interfere with the inter-satellite
service (ISS) in the 25.25-27.5 GHz frequency range and is intended to be responsive to part of
resolves to invite ITU-R 2 of Resolution 238 (WRC-15) under WRC-19 agenda item 1.13.

2 Allocation information in the 25.25-27.5 GHz frequency range

The allocation of the inter-satellite service is provided in the following table extracted from the
Radio Regulations:

TABLE 1
Frequencies allocation in Regions 1, 2 and 3 in 25.25-27.5 GHz

2525255 FIXED

INTER-SATELLITE 5.536

MOBILE

Standard frequency and time signal-satellite ( Earth-to-space)
25.5-27 EARTH EXPLORATION-SATELLITE (space-to Earth) 5.536B

FIXED

INTER-SATELLITE 5.536

MOBILE

SPACE RESEARCH (space-to-Earth) 5.536C

Standard frequency and time signal-satellite ( Earth-to-space)

5.536A
27-27.5 27-27.5
FIXED FIXED
INTER-SATELLITE 5.536 FIXED-SATELLITE (Earth-to-space)
MOBILE INTER-SATELLITE 5.536 5.537
MOBILE
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3 Technical characteristics

3.1 Technical and operational characteristics of IMT-2020 systems operating in the
25.25-27.5 GHz frequency range

311 Technical characteristics of IMT-2020 base station (BS) and user equipment (UE)
Table 2 provides the parameters related to BS and UE:

TABLE 2
BS and UE parameters

Parameter Unit BS UE
Antenna array configuration Ny x Ny N/A 8x8 4x4
Single element output power dBm/200 MHz 10 10
Maximum element gain dBi 5 5
Conducted powert dBm/200 MHz 28 22
Maximum composite antenna Gain dBi 23 17
Array Ohmic losses dB 3 3
Maximum e.i.r.p. dBm/200 MHz 48 36
H/\V/2 radiating element spacing N/A A2 M2
Antenna height (above ground level) m 6 (suburban hotspot, urban) 15m

15 (suburban open space hotspot) | (outdoor)
H/V2 3 dB Beamwidth ° 65 for both 90 for both
Am and SLA dB 30 for both 25 for both
Mechanical downtilt ° 10 (suburban hotspot, urban) -90..90°
suburban open space hotspot)

Moreover, as indicated in the previous TG 5/1 Chairman’s Report (Document 5-1/92, Annex 1
section 11), sensitivity studies can be performed on the BS e.i.r.p. values in order to evaluate the
impact on the results of the sharing analysis. Reminding that the Baseline study assumes 48 dBm
e.i.r.p., two optional scenarios up to 5 dB higher antenna element power and 16x16 antenna array
are carried out in this document.

3.1.2 Operational characteristics of IMT-2020 systems

3121 Discussion on the calculation of the AAS gain with respect of the TRP assumption

Considering the response of Working Party 5D (Document 5-1/101), for the purpose of sharing
study, the total radiated power (TRP) of an IMT-2020 system can be understood as the summation
inputs from the power amplifiers into each antenna element minus the losses within the AAS.
Moreover Document 5-1/124 indicates the need to introduce a normalization factor to the
calculation of the antenna directivity in each direction (using the formula in 3GPP TR 37.840
Table 5.4.4.2-3 and Rec. ITU-R M.2101 Table 4) in order to ensure that the total array directivity is
equal to 0 dB.

1 Without ohmic losses.

2 Horizontal/Vertical.
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Recalling the 3GPP expression for the composite array radiation pattern (TR 37.840):
Ny Ny 2
Gag(8, @) = Ag qp(8, @) + 10log,, {1+p Z Z Wi (8, @, @scan, etilt) vy, , (6, @, pscan, etilt)[ —1
m=1n=1
where:

Vm,n called the “super position vector’ (see Rec. ITU-R M.2101 Section 5) can be
understood as the steering vector giving the phase shift due to array placement;

Wmn depicts the weighting factor, is a function of the antenna beam pointing angles
¢-scan and the electrical tilt and aims at tuning side lobe levels.

This actual array gain that has to be performed in any sharing studies should be normalised as
follows:
G(0,p,pscan,etilt)
1 2T (T < . .
Efo fo G(8,p,@scan,etilt) sin(0)d0d¢

D(8, @, pscan, etilt) =

to ensure that TRP = Py, where Py, is the conducted power input to the array system.
Consequently, this contribution accounts this normalization factor in the computation of the
IMT-2020 systems antenna gain, i.e. BS and UE.

Finally, it has to be noted that the same document also indicates that 3GPP RAN4 confirmed that
this normalization factor is correct.

3.1.2.2 Discussion on the calculation of the AAS gain with respect of the coordinate system

The IMT-2020 system antenna model is generally described and gain is calculated in a local
coordinate system (BS and UE antenna own system). If the BS and UE antenna local coordinate
system (the antenna of the IMT-2020 system) is oriented to be aligned with the global coordinate
system (e.g., the Earth, azimuth = 0 and mechanical tilt = 0 (elevation = 90)), the two coordinate
systems will be identical and the summation of power to all victims is straightforward.

But if the BS and UE are down tilted but still being aligned with global system in azimuth angle, a
conversion of the antenna gain value in this GLS is needed before a summation is done (see
Section 5.1.4 of 3GPP TS.36873). This has been done in this document.

3.1.2.3 BS deployment

The number of BS (Ngs) transmitting simultaneously within a land area of surface S is derived
using the following formula:

Nps = S X BSup X BSyir X Ry X (Rgsy X (Dpsgyo t+ Dasgy) + Rav X Dps,)
with:
BSar the BS TDD activity factor (80%3);
BSnir the BS network loading factor (20%3);

Ra the ratio of hotspot areas to areas of cities/built areas/districts (3% for
suburban (Rasu) and 7% for urban (Rau)3);

Rp the ratio built areas to total area of region in study (5%3);
Desswo BS density in the outdoor suburban open space (0 or 1 BS/km?)3;

3 See Document 5-1/36.
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Dassw  BS density in the outdoor suburban hotspot (10 BS/km?)3;
Dgsy BS density in the outdoor urban hotspot (30 BS/km?)3.

The following analysis considers Dgssyo =1.

Finally, the computation of the BS and UE antenna gains requires the statistic of beam pointing
orientation, i.e. electrical tilt and phi-scan angles because AAS are subject to time varying beam
directions. Based on the TG 5/1 Chairman’s Report (see Document 5-1/92, Annex 1, Section 12),
it’s also possible to perform the distribution of BS antenna beam pointing orientation angles (in e-
tilt, p-scan) towards UEs over the cell area by computing:

- the azimuth between UE and BS following a normal distribution N(0°, 30°) with cutting
off at £60° angular sector. This angular sector contains 95% of the normally-distributed
values resulting in 2.5% of the remaining tail-end values on either side;

- the distance (BS,UE) following

. Rayleigh distribution with o = 32 when UEs are connected to BS antenna
height=6m above the ground,
. Log-normal distribution with u = 3.9, o = 0.42 when UEs are connected to BS

antenna height=15 m above the ground.

3.1.24 UE deployment
The number of UEs (Nyg) transmitting simultaneously within a land area of surface S is derived
using the following formula:
Nyg =S X UEgr X UEN r X Ry X (Rasy X Dyggy + Rav X Dygy)
with:
UEar the UE TDD activity factor (20%3);
UEnr the network loading factor (20%3);

Ra the ratio of hotspot areas to areas of cities/built areas/districts (3% for
suburban (Rasu) and 7% for urban (Rau)3);

Rp the ratio built areas to total area of region in study (5%3);
Duesw UEs density in the outdoor suburban (30 UEs/km?)3;
Dues UEs density in the outdoor urban (100 UEs/km?)3.

The following analysis considers Dgssyo =1.

The statistic of the UE antenna beam pointing can be inherited from the BS, recalling that UE
terminal points to the BS location in order to maximize the throughput of the link. However, the
orientation of the device is of interest since this latter is influenced by the user behaviour (in
addition to the beam steering) as depicted in the TG 5/1 Chairman’s Report that the UE antenna
panel positioning (“mechanical azimuth” and “mechanical tilt”) “has therefore to be considered
randomly in elevation in the range -90 to 90° and in azimuth in the range -60° to +60° in the
direction of the BS.”
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Another key parameter in the computation of the power radiated by UEs deals with the power
control performed during the BS-UE radio link. The algorithm driving UE conducted power is
taken from the Recommendation ITU-R M.2101 as follows (Section 4.2):

For IMT-Advanced systems, UE power control algorithm to be used in sharing studies 1s as follows:
Buseu() = 111‘-11{13:::»1_1(-1010?10(-‘”1:1}5::1{”)) + By puscu(J) +a(f)- PL ] (23)

where:
Ppusca transmit power of the terminal in dBm
Peyax  maximum transmit power i dBm
Mpuscy number of allocated RBs
Py puscy  power per RB used target value in dBm
o balancing factor for UEs with bad channel and UEs with good channel
PL  path loss in dB for the UE from 1ts serving BS.

It 1s expected that for IMT-2020 systems UE power control algorithm could be similar to that used
for IMT-Advanced networks.

It has to be noted that PL between UE and BS as defined in this Recommendation also covers other
losses, i.e. body loss and (BS and UE) ohmic losses, if any but also the UE and BS antenna gains#
(respectively towards BS and UE). PL parameter can be understood as a coupling loss component.
The input parameters required to derive the UE output power are extracted from Document 5-1/36
are provided in Table 3:

TABLE 3

UE Power control algorithm input parameters

Maximum user terminal output power P cyax dBm 22
Transmit power target value per POpysch dBm/180 kHz -95
Pathloss compensation factor o N/A 1
UE Body Loss dB 4

Based on these parameters, the BS antenna beam pointing statistics, the distribution of the UE
output power when connected to BS antenna at height = 6 m and 15 m was simulated as depicted by
Figure 1. The curves show that a low percentage of UEs (<5%) is subject to transmit with
maximum POWer Pcyax.

4 Calculated with the normalization factor.
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FIGURE 1

UE conducted power distribution
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3.2 Technical and operational characteristics of 1SS operating in the 25.25-27.5 GHz
frequency range
3.2.1 Technical characteristics of 1SS

Figure 2 summarizes the different links used by the DRS systems. The band 25.25-27.25 GHz is a
band for link F between non-GSO satellites (C) and the DRS satellite (A).

FIGURE 2
Different links used by DRS systems

The interference scenario is shown in Figure 3.
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FIGURE 3

Interference scenario

Recommendation ITU-R SA.1414-2 provides parameters for DRS systems worldwide to be used in
interference sharing studies and Table 4 extracts the relevant parameters in the band
25.25-27.5 GHz.

TABLE 4
DRS ISL parameters
Network Europe | Japan | United States of America | China | Russia
Orbital locations Mainly low-Earth orbit
Polarization Circular
Tx antenna gain (dBi) <50 [ <497 | <47 | <45 [ <461
Tx antenna radiation pattern Rec. ITU-R S.672-4
Receiving DRS
Orbital locations See Rec. ITU-R SA.1276
Rx antenna gain (dBi) 49 | 588 | 55.9 | 515 57.4
Rx antenna radiation pattern Rec. ITU-R S.672-4
System noise temperature (K) 800 | 475 | 870 | 1000 550
3.2.2 Protection criterion of 1SS

Recommendation ITU-R SA.1155-2 specifies the protection criteria for data relay satellite systems
and presents them in the form of lo/No values. Concerning the 25.25-27.5 GHz, the protection
criteria is defined as a maximum aggregate interference power spectral density (depicted in Table 5)
to system noise power density ratio (Io/No), from all sources to be exceeded for no more than 0.1%
of the time for the various links of data relay satellite systems is -10 dBs.

TABLE 5
DRS ISL protection criteria

Network Europe | Japan | United States of America | China | Russia
Maximum lo dBW/Hz* | -209.6 | -211.8 -209.2 -208.6 | -211.2
Maximum lo dBm/Hz* | -179.6 | -181.8 -179.2 -178.6 | -181.2
*  to be exceeded for no more than 0.1% of the time.
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3.2.3 Receiving DRS ISL satellite antenna pattern

Based on the TG 5/1 Chairman’s Report (Document 5-1/92, Annex 1 Section 5), the gain to use in
the sidelobes of the FSS space station antenna is the same as Recommendation ITU-R S.672-4 with
Lss =-25 dB. Since DRS GSO satellite antenna has generally similar characteristics for the
sidelobes as for FSS GSO satellite antenna operating with spot beams, Ls=-25 dB is also assumed
for the ISS. Figure 4 shows the DRS satellite antenna gain versus off axis angle (see Rec. ITU-R
S.672-4) for Ls=-25 dB and z6=1.

FIGURE 4

DRS ISL satellite receiving antenna pattern
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Figure 5 shows, as examples, the European DRS satellite (at 9°E) antenna gain over the Earth for 3
pointing directions (not at the same time):

- toward the point on the Earth located at longitude -50° and latitude -20°.
- toward the point on the Earth located at longitude 78° and latitude 20°.
- toward the point on the Earth located at longitude -1° and latitude 50°.

5 Ls depicts the near-in-side-lobe level in dB relative to the peak gain required by the system
design.

6 7z represents the (major axis/minor axis) for the radiated beam.
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FIGURE 5

Examples of European DRS antenna gain over the Earth

3.3 Propagation assumptions

Considered phenomena involved in the losses of the link budget between the GSO satellite and the
IMT-2020 systems (BSs and UEs) are of different natures:

- the free space loss (using Rec. ITU-R P.525);
- loss due to atmospheric gases using Rec. ITU-R P.676-11, Annex 1 (Earth-space path);

- loss due to polarization: as outlined by the TG 5/1 Chairman’s Report (Document
5-1/92, Annex 1 Section 9), aggregate studies should be completed using both of the
values of 0 dB and 3 dB for polarization discrimination. Indeed, in case of cumulative
effect of interference, coupling loss involves different range of antenna gain values
(main lobe, sidelobes...) which makes the calculation of the discrimination in
polarization necessary to account random elliptic polarization of the incident radio wave
with respect of the receiving antenna. As analysed in Document 5-1/104, -3 dB (i.e., a
loss of 3 dB) is assumed in this study;

- loss due to clutter where one end of the interference path is within man-made clutter
(IMT-2020 systems), and the other is the DRS satellite; these losses could be modelled
using Rec. ITU-R P.2108 for Earth-space when the terrestrial environment is urban or
suburban.

4 Technical analysis

This section aims at providing the coexistence study between European DRS GSO satellite
operating at 9°E and IMT-2020 systems (BSs and UESs) on a cumulative effect of interference basis.
The aggregate impact is assessed with static approach, i.e. with a given position of the non-GSO
satellite to which the DRS satellite is communicating in 25.25-27.27 GHz band. The calculation
used in this analysis is based on the following Steps:

Step 1: Within the DRS satellite visibility area, a land grid map is created with a Step of 0.5° in
longitude and 0.5° in latitude, resulting in splitting the map into Nc 0.5°x0.5° cells; as depicted in
Figure 6.
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FIGURE 6
Land grid map in the EDRS (9°E) visibility area
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Step 2: A grid of Nc elementary surfaces is created in the DRS satellite visibility area. The
elementary surface is defined by a Step of 0.5° in longitude and latitude and is expressed in km?.
It depends on the elementary surface latitude as shown in Figure 7.
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FIGURE 7
Elementary surface in km? in the EDRS (9°E) visibility area
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Step 3: A grid of the number of BSs and UES (Nygn, Ngsn) transmitting simultaneously in an
elementary surface n (see Step 2) is created. Ngsn Nygn are defined as follows:

Ngs, = Npsypon space T NBSnotspor = Sn X BSap X BSyip X Ry X (Rasy X (Dpsgy + Dpsg,) + Ray X Dps,,)
Nyg, = Sp X UE4p X UENr X Rp X (Rgsy X Dygg, + Rau X Dygy)
with:
n index of Step 2 grid (elementary surface grid map);
BSar, UEAr BS and UE TDD activity factor (80% and 20%7);
BSnir, UEnF BS and UE network loading factor (20% for both8);
S, elementary surface from Step 2 (km?);

Ra the ratio of hotspot areas to areas of cities/built areas/districts (3% for
suburban (Rasu) and 7% for urban (Rau)7);

Rp the ratio built areas to total area of region in study (5%7);
Desswo BS density in outdoor suburban open space (0 or 1 BS/km?)7;

7 See Document 5-1/36.

8 20% would normally represent a typical/average value for the loading of base stations across a
network and therefore can be used for a wide area analysis which is the case in this study

(see Document 5-1/36).

C:\USERS\SCHOUBERT\DESKTOP\ADOCUMENTS\PROJETS ACTUELS\ANFR.FR\1-POSTS\2017\9 SEPTEMBRE\29 ETUDES\FRANCE -

BANDE 26 GHZ - ETUDE DE COMPATIBILITE ENTRE SYSTEMES DE RELAIS DE DONNEES DE L'EXPLORATION DE LA TERRE (ISS)
ET 5G.DOCX 29.09.17 29.09.17


https://www.itu.int/md/R15-TG5.1-C-0036/en
https://www.itu.int/md/R15-TG5.1-C-0036/en

S12-
5-1/158-E

Desso,. Duess  BS and UE density in outdoor suburban hotspot (10 BSs/km? and
30 UEs/km?)7;

Dgsu, Duey  BS and UE density in the outdoor urban hotspot (30 BSs/km? and
100 UEs/km?)7.

FIGURE 8

Number of BSs hotspot simultaneously transmitting in an elementary surface of 0.5° in longitude and latitude
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FIGURE 9

Number of BSs open space simultaneously transmitting in an elementary surface 0.5° in longitude and latitude
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FIGURE 10
Number of UEs simultaneously transmitting in an elementary surface of 0.5° in longitude and latitude
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Step 4: the average BS and UE antenna gain are computed as shown in the Annex 1. It is elevation
dependent.

FIGURE 11
BS Average antenna gain (at 6 m) towards the European DRS satellite (dBi)
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FIGURE 12
BS Average antenna gain (at 15 m) towards the European DRS satellite (dBi)
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FIGURE 13
UE Average antenna gain (at 6 m and 15 m®) towards the European DRS satellite (dBi)
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Step 5: The clutter loss is computed, noting that it is not different from BS (at 6 m) and UEs in
Figure 14.

9 The results for these 2 cases are very similar (the maximum gap between them is < 0.1 dB).

C:\USERS\SCHOUBERT\DESKTOP\DOCUMENTS\PROJETS ACTUELS\ANFR.FR\1-POSTS\2017\9 SEPTEMBRE\29 ETUDES\FRANCE -
BANDE 26 GHZ - ETUDE DE COMPATIBILITE ENTRE SYSTEMES DE RELAIS DE DONNEES DE L'EXPLORATION DE LA TERRE (ISS)
ET 5G.DOCX 29.09.17 29.09.17



S17 -
5-1/158-E

FIGURE 14
Clutter Loss (dB)
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Step 6: The free space loss (FSL) is computed Figure 15 provides the result for a DRS satellite
at 9°E.
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FIGURE 15
Free space loss toward the DRS satellite (in dB)

100 —
4-212.2
BO -
- -212.4
60 -
4 - H-2126
e
% 20+
S -212.8
g of
—
0k -213
-40 - 2132
_E,D L
-213.4
-80 I I I I | |
=200 -150 -100 -50 0 50 100 150 200

Longitude ()

Step 7: The atmospheric attenuation due to gas is computed using Recommendation
ITU-R P.676-11, using the mean annual global reference atmosphere0. Figure 16 provides the
result for a DRS satellite at 9°E.

10 See Recommendation ITU-R P.835-5, Annex 1, section 1.
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FIGURE 16

Attenuation from atmospheric gases (in dB)
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Step 8: The aggregate pfd received from each cell of Step 2 grid is computed using the following
formulas.

PFDtutaln = PFDBSn+PFDUEn

NBs, ) L
PBsin Gps(etilt,9scan@inbin) 992ps in 1
= 10log4, 10010 x 10 10 X110 10 X

2
= 4mdps in

10 10 X

2
— 4ndyg in

Nyen
Pyein Gug(etilt,pscan®Pin bin) LgaZUE in 1 >
+ 10 X 10 10 X 10 m—
with:
i index of the transmitting device (BS or UE) considered;
n index of Step 2 grid (elementary surface grid map) ;

Px in the RF power at the input of the antenna of the transmitting device X (BS or
UE) in:
Px in = Conducted Power per antenna elt (dBm)+10log;o(Nbelts)-Array Ohmic Loss
Gx(etilt; n, Oscan n» Pin» Oin) transmission antenna gain (dB) of the i device X (BS or UE) located
in cell n forming a beam at (etilti n,scqn in) iN the direction (¢;y, 8;,,) of the
DRS satellite;

dx,, distance (m) between the i" device X (BS or UE) located in cell n and the
DRS-satellite;

Nxn number of devices X (BS or UE) simultaneously transmitting in cell n (see
Figure 8 and Figure 9 for BSs and Figure 10 for UEs);
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Lgazxin atmospheric attenuation in dB (Rec. ITU-R P.676-11, see Figure 19) between
i™ device X (BS or UE) located in cell n and the DRS satellite.

- Generally, Lam xin @nd dxin can be considered constant over a specific cell n (of Step 2
grid corresponding to the elementary surface grid). The constant values over an
elementary surface cell are denominated respectively Lga,» and d,. without the need for
distinguishing the concerned device (UE or BS). Therefore, the above equation can be
expressed as follows:

PFDiotarn = PFDpsyn + PFDygn = Lgaz, — 1010910(4ndn2)
Npsy Nyey

Ppsin Gps(etilt, pscanPinOin) Pyuein Gue(etilt, pscanPinOin)
+10logs, Z 10710 x 10 10 + z 10710 x 10 10
i=1 i=

i=1

However, it has to be mentioned that the number of BSs and UEs who are in visibility
of the DRS satellite with the same (fixed) elevation ¢ (6=0..90°) is high (because of the
high amount of 0.5°x0.5° cells associated to the same (fixed) elevation & combined with
the number of BSs within each of them) based on Figure 5), the integration of PFDn for
all (Nc) cells can be performed by considering the average BS antenna gain towards the
European DRS satellite when the BS is located in an area which sees the DRS satellite
at a specific elevation angle 6y, denoted Ggs ay(6r)and Gueav(@n)respectively for BS and
UE. In that case, PFDn is equal to:

PFDiotain = PFDgsyn + PFDyg

NBsp NuE,
G av(en)~ P in G av(gn)- P in
= Lyas (dB) — 10log, , (4md,?) + 10l0gs, (10 T z 10730 + 10~ 0 1010 " )

i=1 i=1

- For the BS case, Pi, is constant (P, = 25 dBm). Therefore, the above equation can be
expressed as follows:

PFD¢otarn = PFDpsy + PFDyg

Nyen
Gps av(61). Gy a(6n). Pyein
= Lyas (dB) — 10log, , (47d,”) + 10l0gs, <PBS(mW).NBSn.1O B 110" 0 Z 1010 )

i=1
- For the UE case, Pj, is not constant because of the power control procedure used in
relation to the BS. However, similarly to what was applied for the average antenna gain,
the average UE conducted power, denoted Py oy can be considered in the calculation of
the PFDtotaI n.

PFDtq1n = Lgaz, (dB) — 10[0910(4”dn2) + 10logq, (NBSnPBS(mW)GBS av(01) + Nyg, Pyg 0 (MW) Gy av(gn))‘

Figure 17 provides the PFD, map.
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FIGURE 17
PFD, map (dBm/m*Hz)
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Step 9: A grid of EDRS beam pointing direction toward non-GSO satellite is created with a

0.5° Step for the non-GSO satellite longitude and latitude. A typical non-GSO altitude of 700 km is
taken for the study. The non-GSO satellite is in visibility from the European DRS satellite (see
Figure 19) at 9°E when the distance between the non-GSO satellite and the European DRS satellite
is below 44 726 km. Moreover, in order to avoid affecting the DRS-non-GSO satellite radio link
with loss due to gaseous atmosphere, an additional 20 km is taken above the surface of the Earth as
shown in the following formula and Figure 18:

dmax = v (Reprs)? — (Rearen + 20 km)2 + [ (Rygso)? — (Rearen + 20 km)? = 44 726 km

FIGURE 18
Non-GSO-DRS satellites link geometry (non-GSO satellite at the limit of the EDRS coverage)

NGSO dmex=44 726 km

Rueso=REeatn+700km p
/ Reartnt 20km

REDF{S= REarth+Alitude EDSR EDRS

C:\USERS\SCHOUBERT\DESKTOP\DOCUMENTS\PROJETS ACTUELS\ANFR.FR\1-POSTS\2017\9 SEPTEMBRE\29 ETUDES\FRANCE -
BANDE 26 GHZ - ETUDE DE COMPATIBILITE ENTRE SYSTEMES DE RELAIS DE DONNEES DE L'EXPLORATION DE LA TERRE (ISS)
ET 5G.DOCX 29.09.17 29.09.17



-22-
5-1/158-E

FIGURE 19
Non-GSO (700 km) visibility area from EDRS (grid 0.5°%0.5° in longitude and latitude)
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Step 10: For a specific EDRS beam pointing direction m (m being the index of Step 6 grid
expressed in (latitude, longitude), considering the altitude of the non-GSO satellite as constant), the
EDRS beam antenna gain Grpy, towards a specific point n of the Step 2 grid (elementary surface
grid) is computed using Recommendation ITU-R S.672-4. Figure 20 below provides an example
when the EDRS beam is directed towards a non-GSO satellite at an altitude of 700 km and located
at longitude 5°E and latitude 40°N.
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FIGURE 20

European DRS antenna gain (Gsat,,) towards the Earth (dBi) when pointing towards a non-GSO satellite
located at m=(longitude 5°E, latitude 40°N) and altitude 700 km
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Step 11: The aggregate interference map is computed (map of Inm). Inm is the aggregate interference
in a specific elementary surface cell n when the DRS satellite is pointing towards a specific non-
GSO satellite position m within the coverage area defined in Step 9.

2
- (LongNasom' LatNGSOm'AltNGSOm) = PFDy, + Gtym + Lpoarization(dB) + 10logy, (j_n)
with:
m the index of the Step 9 grid (European DRS visibility grid);
n the index of Step 2 grid (elementary surface grid);
Lypotarization the losses due to polarization.
Step 12: The aggregate interference of all BSs and UEs (i.e. for BSs and UEs in all cells) is

computed when the DRS satellite is pointing towards the specific direction of Steps 9 and 10 using
the following formula. The following result is stored.

Iy = Z,’l’il (Inm (LongNG.S‘Om' Latngso,, AltNGSOm))

with:

m index EDRS beam pointing direction towards the non-GSO satellite (index of

the Step 5 grid);
n index of the cell of Step 1 or 2 grid (land map or elementary surface map);
Nc number of point in the Step 1 or 2 grid;
Longnon-csom longitude of the non-GSO satellite;
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Laton-gsom latitude of the non-GSO satellite;

Altponcsom altitude of the non-GSO satellite (a typical non-GSO satellite altitude of
700 km is taken in the study).

Step 13: Redo Steps 10 to 12 for all possible EDRS beam pointing direction (see Step 9). Finally,
derive lom/No, where N, depicts the system noise power density. Figure 21 highlights the results
(lom /No map).

FIGURE 21

Static aggregate 1o/No map (dB) due to UEs only (left side) and due to BSs and UEs (right side) when the
European DRS satellite is pointing towards a non-GSO satellite located at 700 km altitude
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It can be observed that the impact of the UES (1o/No max = -34.1 dB) is negligible compared to the
BSs (1o/No max = -26.4 dB), which explains why the maximum static aggregate 1,/N, value is
achieved at -26.2 dB when both devices are accounted in the cumulative effect (which is more than
16 dB below the protection criterion lo/No = -10 dB). Moreover, sensitivity analysis provided in
Figure 22 indicates that:

- when considering 5 dB higher conducted power for the BSs, the protection criterion is
still met with a margin higher than 11 dB (having 1o/No max = -21.4 dB for BSs only);

- when BSs antennas radiate within a 16x16 elements configuration, 1o/Ng max = -21.8 dB
for BSs only.
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FIGURE 22
Static aggregate 1o/No map (dB) due to BSs only for different sensitivity analysis
o 1IN (dB) BSs only (BS 8x8 with 5dB higher power) T IN (dB) BSs only (BS 16x16 elements)
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Since the static aggregate study shows that there is never any exceedance of the protection criterion
(Io/N, = -10 dB) for the case of the European DRS satellite at 9°E, no dynamic sharing study is
further required to investigate the coexistence between European DRS and IMT-2020 systems in
25.25-27.5 GHz band.

5 Summary and analysis of the results of studies

This study provides an assessment of compatibility between IMT-2020 systems and the European
DRS at 9°E operating in 25.25-27.5 GHz accounting the cumulative effect of both BSs and UEs in-
band emissions. It has to be noted that:

- the coexistence analysis addressed all cases of EDRS beam pointing directions of the
GSO satellite (at 9°E) to the non-GSO satellite (operating at constant
altitude = 700 km);

- the clutter loss assumption was considered for the BSs not located at the roof of the
buildings and for all UEs;

- the distribution of the beam pointing antenna, i.e. electrical tilt and phi-scan followed
the methodology described in the previous TG 5/1 Chairman’s Report;

- the BS and UE deployment assumptions follow the guidance of Document 5-1/36
(provided by WP 5D).

The result shows that the protection criterion (lo/No = -10 dB) of the European DRS satellite (at
9°E) is met with more than 16 dB margin. When considering 5 dB higher conducted power for the
BSs or 16x16 elements antenna as sensitivity analysis, the protection criterion is still met with a
margin higher than 11 dB.
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ANNEX 1

Average antenna gain of IMT-2020 systems

This section provides the behaviour of the average antenna gain as a function of the elevation angle
for different configurations: BS and UE as well as the consideration of the normalization factor on
the antenna gain calculation.

It is important to note that the BS and UE average antenna gains as depicted below were
calculated relative to the Earth-centred coordinated system. This means that a rotation of the
coordinate system (from Local Coordinate System (LCS) as to be the IMT-2020 antenna system to
the Global Coordinate System (GCS) as to be the Earth) was performed in accordance with
section 5.1.4 of the 3GPP TS 36.873. This rotation is of the BS mechanical downtilt around y axis
(fixed for the BS, variable for the UE).

1 UE case

2

s
T
L

Average antenna gain (dB)

hHS=6rr| without normalization

h%=6m with normalization

0 20 40 60 BO 100 120 140 160 180 200
elevation angle ¢ (*) with respeci of the UE antenna panel reference
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Average antenna gain (dB)

hu5=1 5m without normalization 4

hH_S=15rr| with normalization

0 20 40 60 80 100 120 140 160 180 200

elevation angle # (°) with respect of the UE antenna panel reference

2 BS case (8x8 elements)

FIGURE 23
Average gain (BS mechanical tilt=10°)
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Average antenna gain (dBi)
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hu_s=6rn with normalization
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FIGURE 24
Average gain (BS mechanical tilt = 15°)
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2 BS case (16x16 elements)

FIGURE 25
Average gain (BS mechanical tilt=10°)
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FIGURE 26
Average gain (BS mechanical tilt = 15°)
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